Abstract. NOMAD is an experiment searching for ; ( e ) oscillations in the CERN Wide Band Neutrino Beam. After its completion (August 1995), the detector has performed according to expectations and has been taking data since. A preliminary analysis, based upon the event sample collected in 1995, saw no evidence for oscillations, thus setting an upper limit in the mixing angle for high m 2 values of sin 2
INTRODUCTION
NOMAD (Neutrino Oscillation MAgnetic Detector) 1] was designed to search for neutrino oscillations in the cosmologically relevant region ( m 2 from 10 to 100 eV 2 ) using the CERN Wide Band Neutrino Beam, which is mainly composed of (see gure 1). Table 1 gives the relative abundances of the di erent neutrino beam components. The contamination coming from D s ! decays was estimated to be 5 10 ? 6 2], well below the sensitivity limit of this experiment. The search for the appearance of will be carried out through its charged current interaction (CC) using kinematical criteria only. 85% of the decay modes (i.e., e ? , ? , ? , ? , ? + ? + n 0 ) are studied, hence requiring a detector with ne tracking capabilities, good energy-momentum resolution and particle identi cation.
; e oscillations lead to a signi cant change on the number of e CC expected from the natural e contamination of the beam. This kind of search requires a very accurate knowledge of the beam composition (i.e., the K/ ratio at the target) and very good electron identi cation capabilities. THE NOMAD DETECTOR NOMAD has been designed in order to give precise tracking information plus remarkable muon and electron identi cation 3]. Figure 2 shows a side view of the experimental setup. Most of the subdetectors are housed inside the old UA1 dipole magnet which provides a horizontal magnetic eld of 0.4 Tesla perpendicular to the beam direction. Drift chambers act simultaneously as tracking device and as the active target. They were built using low Z, low density materials trying: a) to maximize the number of neutrino interactions and b) to minimize the number of secondary interactions, photon conversions and multiple scattering of particles that could deteriorate the reconstruction of the event kinematics. Each chamber contributes 0.02 radiation lengths for a total ducial mass of 2.7 tons over an area of 2.6 2.6 m 2 . The chambers momentum resolution can be parametrized as
where the momentum p is given in GeV/c and the track length L in metres. The rst terms corresponds to the multiple scattering contribution and the second one accounts for the single hit resolution. A 3.5% momentum resolution has been measured for the range 2 < p < 10 GeV. The transition radiation detector (TRD) consists of nine identical modules (radiator followed by a detection plane of straw tubes lled with a mixture of xenon and methane). It provides excellent electron identi cation with a pion rejection factor greater than 10 3 for a 90% electron e ciency in the momentum range from 1 GeV/c to 50 GeV/c. An additional pion-electron rejection factor of the order of 10 2 -10 3 is provided by combining preshower (PS) and electromagnetic calorimeter (ECAL) subdetectors. The PS is composed of two planes of proportional tubes preceded by a lead converter. The ECAL is made of lead-glass Cerenkov counters, each 19 radiation lengths deep. A detailed study of its energy resolution gives:
Chambers
(E) E = (1:04 0:01)% + (3:22 0:07)% p E (2) where E is the energy measured in GeV. Downstream the magnet, an iron-scintillator sampling calorimeter (HCAL) was instrumented in order to dectect neutral hadrons and to provide a complementary measurement to the energy of charged hadrons. A muon detection system is located further downstream. It is composed of ten large area drift chambers arranged in pairs, having almost full detection e ciency for muons above 4 GeV/c.
Veto counters, two trigger planes and a front calorimeter (designed to study multi muon physics and to search for heavy neutral objects) complete the detector. In gure 5 the inclusive momentum distribution for identi ed primary is shown for data (dots) and MC (solid line). Good agreement can be seen between them.
DATA SAMPLE AND DETECTOR PERFORMANCE
; e OSCILLATIONS Prompted by the LSND claim 5] of a signal from e ; oscillations and thanks to the excellent electron identi cation capabilities of NOMAD, a ; e search was performed covering the high m 2 region. The presence of oscillations would distort the expected e energy distribution and it would also lead to a sensible increase on the number of expected e CC events.
This search requires a very accurate estimation of the natural fraction of e present in the CERN Wide Band Neutrino Beam. Two approaches were followed, both leading to fully compatible results. The rst one uses a simulation (based on GEANT and FLUKA) in order to describe the beam line and the reactions leading to neutrino production. The second method uses the measured , and e uxes in order to predict the e ux. This has contributions from K + decays (constrained by the spectrum at high energies), K 0 L decays (constrained by the and e spectra) and + decays (constrained by the spectrum at low energies). Figure 6 shows, as a function of neutrino energy, the e = ux ratio for ; OSCILLATIONS
The search of the possible appearance of is performed by means of kinematical criteria exclusively, because NOMAD spatial resolution does not allow the use of precise vertex information (decay kink, impact parameter, etc) to identify production and decay. The studied lepton decay channels are:
? ! e ? , ? ! ? , ? ! ? , ? ! ? , ? ! 3 prongs, amounting to 85% of the total decay modes.
An enhacement of the sensitivity was obtained by carrying out two independent searches: one was based upon a sample of events dominated by deep-inelastic processes (high multiplicity events); the other used a sample of events enriched in quasi-elastic and resonance production (low multiplicity events).
The crucial point for this kind of search is to reliably determine the expected backgrounds and the resulting selection e ciencies. For this purpose, CC data events are used as a simulator in order to cross check MC estimations. NC events can be obtained by removing the identi ed muon, thus simulating a neutrino. The replacement of the primary muon by an electron or a provides samples of e and CC events. A reweighting procedure accounts for the di erent neutrino energy distributions involved.
Leptonic channels
The main background for this search comes from the charged current interactions of the and e components of the neutrino beam. Figure 7 illustrates the principle of the search. In the plane perpendicular to the neutrino beam direction, the emerging lepton from a CC interaction is back to back to the hadronic jet (i.e. the angle lh between the lepton and the hadrons is peaked near 180 o ). The missing transverse momentum (P T ) arises from undetected neutrals and/or mismeasured particles, therefore the angle mh between the missing momentum vector and the jet is randomly distributed. In CC events, the existence of undetected neutrinos gives rise to a sizeable missing P T in a direction almost opposite to that of the jet. A cut on the region of the scattered plot bounded by the triangle shown in g 7 e ciently removes the background while keeping a reasonable fraction of the signal. Remaining backgrounds are further reduced by imposing cuts on the transverse mass of the candidate and requiring the latter to be isolated from the hadronic jet.
Hadronic channels
Events with no identi ed primary leptons and having a negative track ( ? candidate) greater than 3 GeV/c are considered. The track candidate should also be consistent with the pion hypothesis from the calorimetry point of view. The main source of background to this search comes from neutral current events. These are rejected using two additional requirements: a) the transverse mass of the ? system should not exceed m , or equivalently, the event should not have a large missing P T ; and b) the track candidate should be well isolated from the jet. This is accounted for by the Q T variable, de ned as: Q T = q (P ?) 2 ? (P ? P tot ) 2 =P 2 tot (3) Figure 8 shows the Q T distribution for NC events. The same variable for CC events shows a broader distribution. The bottom plot shows a comparison between NC MC events and NC events obtained using the data simulator. The agreement is remarkable. It is clear that placing a cut at 1.7 GeV rejection of all the NC background is achieved.
Low multiplicity events
Events having three or less primary tracks fall into this category. Although statistically smaller with respect to the high multiplicity sample, this approach shows the following advantages: a) these events are easier to reconstruct; b) smaller backgrounds, thus higher e ciencies are expected; and c) the threshold suppression of production in the quasi-elastic and resonance processes is less severe than the corresponding deep inelastic interactions. Candidate events are expected to consist of a large momentum decay product boosted in the forward direction plus small additional hadronic activity recoiling at large angles. Requiring a soft hadronic jet implicitly leads to low Q T values. Thus this search yields complementary results to those obtained with the DIS dominated sample.
; oscillation limit Table 2 summarizes the number of expected events assuming full oscillation probability for the electron, muon and one prong channels.
No candidate event has been observed in the 1995 data sample for an expected number of 0.6 background events. The negative search allows to set a preliminary limit on ; : P( ; ) = 2:41=1229:3 = 2 10 ?3 90% C:L:
where the usual factor 2.3 for no observation of a signal at 90% C.L. has 
CONCLUSIONS
The NOMAD detector is working well. First results on neutrino oscillations have been obtained using 1995 data. The negative result of the search yields at high m 2 an upper limit on the mixing angle sin 2 2 < 2 10 ?3 for ; e and sin 2 2 < 4 10 ?3 for ; at the 90% C.L. The 1996 data are being currently analysed. Data taking continues through 1997, providing a total sample of ' 1 10 6 CC events.
